Background: There are generally two methods to access the sphenoid sinus: either through the natural ostium (trans-sphenoethmoidal or via sphenoethmoidal recess), or by creating a second opening through the posterior ethmoids (trans-ethmoidal).
Introduction
Potential complications of endoscopic sinus surgery include impairment or loss of olfactory function. In particular, sphenoidotomy remains a challenging part of endoscopic sinus surgery with a potential for causing olfactory compromise due to its proximity to anatomical areas responsible for olfaction (1) . Specifically, olfactory epithelium overlies part of the nasal septum, cribriform plate, middle turbinate, and the superior turbinate.
Access to the sphenoid sinus can be surgically challenging.
Sphenoidotomy approaches have evolved and generally speaking, there are two methods to access the sphenoid sinus: either through the natural ostium (trans-sphenoethmoidal or via sphenoethmoidal recess) or by creating a second opening through the posterior ethmoids (trans-ethmoidal). Bolger et al. described the trans-ethmoidal approach in 2001 (2) . However, differences in anatomy (attachment of the superior turbinate) may necessitate another approach. The trans-sphenoethmoidal technique is a described alternative (2) . The trans-sphenoethmoidal technique involves resection of the inferior one-third of the superior tur-binate. One of the concerns with this technique is the potential for disruption of olfactory epithelium in the superior turbinate through mechanisms such as direct or unrecognized damage, scarring, or oedema (2) . However, whether or not the trans-sphenoethmoidal approach actually impacts olfactory function still remains unclear. In this study, we compared the effect on olfaction in both of these sphenoidotomy approaches.
Materials and methods

Patient population
A prospective cohort study was conducted at the St. Paul's Hospital Sinus Centre (SPHSC) in Vancouver, Canada with approval by the University of British Columbia Clinical Research Ethics Board. Individuals eligible for enrollment were diagnosed with CRS based on the Canadian clinical practice guidelines for sinusitis (4) . These individuals had persistent symptoms for at least 12 weeks with two or more clinical symptoms, which included facial congestion, facial pain, nasal obstruction, nasal discharge and a decreased sense of smell, as well as one objective finding on endoscopy or CT scan. Consecutive patients with bilateral sinus disease requiring bilateral maxillary antrostomy, complete ethmoidectomy, frontal sinustomy and sphenoidotomy were approached to partake in the study. All patients were consented to partake in the study between September 2010 and February 2012. Patients with tumours, allergic fungal rhinosinusitis, or polyps in the olfactory cleft/sphenoethmoidal recess were excluded from the study.
Psychophysical olfactory measurement
Patients had their smell tested psychophysically using the "Sniffin' Sticks" test. The "Sniffin' Sticks" test is a validated method for measuring olfactory function using odour-dispensing felt pens to test patients' olfactory threshold, their ability to discriminate between odours and their ability to identify specific odours. A composite numeric TDI (threshold, discrimination, and identification) score out of 48 is generated. Patients with a TDI score of 30 or above are considered normosmic, a score of 16 to 29 are considered hyposmic, and a score of 15 or below are considered anosmic (5, 6) . Psychophysical measures were done pre-operatively and at 5 weeks post-operatively.
Subjective olfactory measurement
Visual analogue scores (VAS) on a 10 cm scale were done preoperatively and at 5 weeks post-operatively.
Surgical approach
A CT grading system created by Gheriani et al. (7) and validated by Sunkaraneni et al. (8) (8) . If a patient required a trans-sphenoethmoidal approach based on the CT scan to at least one of the sphenoid sinuses, this was then performed on the opposite side as well. Since patients' treatment arm was dependent on the anatomy, patients were recruited until the minimum sample population per treatment arm was obtained. Post-operatively, all patients only used high-volume saline irrigation until their 5-week visit.
Statistics
A sample size calculation was completed prior to enrollment, which indicated a total of 48 subjects would be required to detect a significant difference between the sphenoidotomy approaches. The effect size for this calculation was designated as 3 points (6.25%) between the pre and postoperative total TDI score, with type 1 probability of 5% (α = 0.05) and a type 2 pro- 
Results
A total of 48 adult CRS patients were enrolled into this study, with equal subjects (n = 24) in the TE and TSE groups. Baseline characteristics are summarized in Olfaction performance and perception was re-evaluated 5
weeks after surgery and compared to preoperative results ( Figure 1 ). Overall TDI score and sense of smell improved for the TE (TDI: 2.3 ± 6.8, VAS: 0.4 ± 3.1) and TSE (TDI: 1.7 ± 9.3, VAS:
1.7 ± 2.8) groups (Table 2 ). These findings were not statistically (Table 3) .
Anosmic (n = 16) Trans-ethmoid (n = 8) Mean (SD/%)
Trans-sphenoethmoid (n = 8) Mean (SD/%)
Patients were stratified by olfaction performance prior to surgery. Overall, 16 (34%) presented with anosmia, 27 (56%) were hyposmic and 5 (10%) were normosmic prior to surgery and were similarly distributed between the TE and TSE groups (Table   4 ). Anosmic patients were found to improve in total olfaction score by 3.8 ± 9.6 points in the TE and 6.6 ± 9.8 points in the TSE groups. This trend was similar in hyposmic patients receiving 
Discussion
There is general consensus following sinus surgery that patients' olfactory function improves. There are a number of short-term studies, ranging from weeks to a few months, as well as a few long-term studies illustrating sinus surgery's effectiveness in treating olfactory dysfunction (9) (10) (11) (12) . The percentage of improvement post-functional endoscopic sinus surgery varies between studies ranging from 13 to 91% (13) . Schriever et al. (12) showed 18.6% of patients had improved their smell one year after surgery and only 1% of patients indicated a decline in their smell.
Their study also used the same psychophysical olfactory measure, "Sniffin' Sticks". Delank et al. 's (14) short-term study illustrated that 8% of patients post-sinus surgery had a loss in smell at their two-month follow-up. It is hypothesized that one of the reasons patients complain of olfactory loss may be secondary to loss of olfactory mucosa due to surgical technique.
It is important to spare as much olfactory mucosa when performing sinus surgery. The amount of olfactory mucosa changes as we age. A fetus has olfactory mucosa lining the roof of the nasal cavity down to the mid-portion of the nasal septum and onto the superior turbinate; however, as we age, the olfactory mucosa becomes replaced by respiratory epithelium leading to patchy olfactory mucosa (15, 16) . As for the amount of olfactory epithelium extending down to the inferior aspect of the turbinate, it is unclear how much is actually present. Lane et al. (1) removed one-third of the inferior aspect of the superior turbinate of four healthy patients and found olfactory nerves present in all the samples, whereas Say et al. (17) assessed 55 samples from the inferior one-third of superior turbinates and found olfactory neuroepithelium in one-sixth of the patients. Moreover, to our knowledge, Say's research is the only study that evaluated olfactory function of patients who had their superior turbinates partially resected for access to the natural sphenoid ostium. Our study supports their finding that it is rare to have a clinically significant amount of olfactory mucosa within the bottom third of the superior turbinate, given that our patients showed no difference in olfaction whether they had the TSE or TE approach.
Our approach in entering the sphenoid depends on the position of the superior turbinate attachment to the sphenoid face (Parson's ridge). We use a CT grading system created by Gheriani et al. to assess the attachment of the superior turbinate (7) and validated by Sunkaraneni et al. (8) . We favor the trans-spheno- Our study demonstrates that there is no difference in olfaction following the two sphenoidotomy approaches. It is important to note that we grouped patients according to anatomical attachment of the superior turbinate, as opposed to randomized grouping. Therefore, care should be taken in interpreting our results. However, we would suggest that this is a more practical comparison, given that the main priority of entry into the sphenoid sinus is avoidance of major surgical complications (e.g.
carotid injury), with limitation of olfactory compromise being a secondary priority.
There are a few other limitations with this study. This is a
short-term study that shows no difference between the two techniques but long-term studies may elucidate a difference between these two surgical approaches. Limiting the amount of resection leads to less scarring and iatrogenic inflammatory changes, which may provide to be beneficial for those undergoing the trans-ethmoidal approach. A long-term study with correlation to endoscopic scores, such as the Javer-Philpott endoscopic grading scale, which looks at the each sinus cavity individually as well as the olfactory cleft will provide insight into how the each approaches differ over time (18) . Our study did not account for the potential impact of chronic sphenoid disease on the olfactory mucosa along the superior turbinate. Chronic infection of the nasal mucosa changes olfactory epithelium into respiratory epithelium (3) . Given that Lane's study found olfactory nerves within the inferior portion of the superior turbinate of healthy patients, one could hypothesize a much larger portion of the superior turbinate is void of olfactory mucosa in patients with chronic sphenoid disease. Nonetheless, we strongly favor minimal removal of the superior turbinate if one needs access to the natural sphenoid ostia. Studies have also shown that nasal polyposis and eosinophilia are predictive factors for improved olfaction following nasal surgery (12) . Nasal polyposis was not controlled in this study except for patients were excluded for having nasal polyps within the olfactory cleft/sphenoethmoidal recess. During the study design conception, it was felt that if the areas that contained olfactory mucosa were non-diseased and did not require debridement, then the degree of nasal polyps in the rest of the nasal cavity played a minimal role with olfaction.
However, in retrospect, this study may have improved if these predictive factors, degree of nasal polyps within the entire nasal cavity and eosinophilia, were controlled.
Conclusion
In a specifically selected group of patients, the TSE sphenoidotomy approach does not carry an increased risk of olfactory compromise compared to the TE sphenoidotomy approach.
Regardless, the TSE approach should be done meticulously to minimize a theoretical possibility of olfactory loss not identified in our study. Further long-term, prospective studies are needed to better characterize the differences in the TE as TSE approaches.
